Background: Evidence-based practice (EBP) is a complex process. To quantify it, one has to also consider individual and contextual factors using multiple measures. Modern measurement approaches are available to optimize the measurement of complex constructs. This study aimed to develop a robust measurement approach for constructs around EBP including practice, individual (e.g. knowledge, attitudes, confidence, behaviours), and contextual factors (e.g. resources). Methods: One hundred eighty-one items arising from 5 validated EBP measures were subjected to an item analysis. Nominal group technique was used to arrive at a consensus about the content relevance of each item. Baseline questionnaire responses from a longitudinal study of the evolution of EBP in 128 new graduates of Canadian physical and occupational therapy programmes were analysed. Principles of Rasch Measurement Theory were applied to identify challenges with threshold ordering, item and person fit to the Rasch model, unidimensionality, local independence, and differential item functioning (DIF). Results: The nominal group technique identified 70/181 items, and modified Delphi approach identified 68 items that fit a formative model (2 related EBP domains: self-use of EBP (9 items) and EBP activities (7 items)) or a reflective model (4 related EBP domains: attitudes towards EBP (17 items), self-efficacy (9 items), knowledge (11 items) and resources (15 items)). Rasch analysis provided a single score for reflective construct. Among attitudes items, 65% (11/17) fit the Rasch model, item difficulties ranged from − 7.51 to logits (least difficult) to + 5.04 logits (most difficult), and person separation index (PSI) = 0.63. Among self-efficacy items, 89% (8/9) fit the Rasch model, item difficulties ranged from − 3.70 to + 4.91, and PSI = 0.80. Among knowledge items, 82% (9/11) fit the Rasch model, item difficulties ranged from − 7.85 to 4.50, and PSI = 0.81. Among resources items, 87% (13/15) fit the Rasch model, item difficulties ranged from − 3.38 to 2.86, and PSI = 0.86. DIF occurred in 2 constructs: attitudes (1 by profession and 2 by language) and knowledge (1 by language and 2 by profession) arising from poor wording in the original version leading to poor translation. Conclusions: Rasch Measurement Theory was applied to develop a valid and reliable measure of EBP. Further modifications to the items can be done for subsequent waves of the survey.
Background
Health care professionals are expected to integrate best available research evidence, patients' preferences, and their clinical expertise to support clinical decision-making, a process known as evidence-based practice (EBP) [1] . Production of high-quality research in fields related to rehabilitation over the past 15 years [2] has provided evidence for occupational therapists (OTs) and physical therapists (PTs) to guide practice [3] [4] [5] . As a result of this exponential rise in knowledge, there is an urgent need to mobilize evidence into clinical practice [6] . According to the World Health Organization (WHO), rehabilitation is defined as "a set of interventions designed to optimize functioning and reduce disability in individuals with health conditions in interaction with their environment" [7] . Without implementing effective interventions, rehabilitation will not be successful [8] [9] [10] [11] . As a response to these expectations [12, 13] , a priority for all professional OT and PT programmes was to emphasize EBP. Despite the emphasis on teaching and promoting the competencies associated with EBP in professional programmes, measuring EBP remains a daunting challenge.
EBP is a complex area of enquiry necessitating multiple measurement approaches to identify the practice itself and the individual and contextual factors influencing it. Several socio-cognitive theories have been applied in research to identify and tackle these factors [14] [15] [16] . To determine if EBP is changing professional practices, improving the quality of care, and informing organizations [17] , there is a need to administer several multi-item questionnaires covering the relevant domains [18] . The use of validated and reliable measures of EBP outcomes is essential to improve EBP across studies and to inform areas for contextual change [17] .
Measurement challenges
There are over 100 tools to measure domains related to EBP [19] [20] [21] [22] . As a result, many items cover the Table 1 Explanation of steps taken to fit the data to the Rasch model Threshold order There should be a logical ordering to the response options such that endorsing a more optimal response option should situate the person at a higher level of the latent trait. That means a person with higher ability (for example a knowledgeable clinician in EBP) is expected to select higher response options on an ordinal scale. At lower ability, more clinicians should endorse a lower response level, and fewer should endorse a higher response level. If the thresholds are disordered, the response options need to be rescored, sometimes reducing the responses to binary. The number of thresholds is equal to the number of response options -1 and reflects the number of "jumps" the person has to make for each item.
Fit to the Rasch model The items should line up hierarchically such that those items that need little ability to endorse at the most optimal response level are at the low end and those items requiring more ability to endorse are higher. Overall goodness of model fit is indicated by a non-significant chi-square test (p > 0.05) after a Bonferroni adjustment for the number of items. The fit of each item and each person is as important, or even more important, than overall fit. Item and person fit is indicated when fit residual (deviance from pure linearity) values are within ± 2.5 and the chi-square test for fit is non-significant (> 0.05). Those items that fail this criterion need to be looked at carefully to ensure their importance in scoring the latent trait. A fit residual of greater than + 2.5 indicates the item does not fit the latent trait; a fit residual of less than − 2.5 indicates the item overfits and may be redundant.
Unidimensionality
A requirement of the Rasch model is that a single latent trait is being measured. This is assessed using a principal component analysis (PCA) of the fit residuals. The person-ability estimates derived from all pair-wise comparisons of the two most disparate set of items (those with the highest positive and negative loadings on the first factor) are compared using independent t tests. For a set of items to be considered unidimensional, less than 5% of t values should be outside ± 1.96. When this value is greater than 5%, a binomial test of proportions is used to calculate the 95% confidence interval (CI) around the t test estimate. Evidence of unidimensionality is still supported if the 5% value falls within the 95%CI.
Response dependency
The uniqueness of the information provided by the items is a requirement of the Rasch model. Items with pair-wise residual (after controlling for the latent trait) correlations greater than 0.3 could indicate lack of independence of the responses which inflates the reliability. Solutions include creating a super-item which combines the response options across items or choosing the one item that best suits the testing context.
Differential item functioning (DIF)
The items should have the same ordering of difficulty across all people being measured defined by personal factors such as in this study, PT or OT, gender, and language. DIF is an indicator of item bias. Typically, DIF is indicated with a significant F test from a two-way analysis of variance. A caution is that with large and sample sizes, anything may be significant; with small sample sizes, nothing may be significant. A close visual inspection of the item characteristic curve plotted by the level of each factor will support or not the information from the statistical approach. Two options are available for items with DIF, deletion or split scoring.
Targeting An ideally targeted measure should include a set of items that spans the full range of the theoretical latent construct (− 4 to + 4 logits) and have a mean location of 0 with a standard deviation (SD) of 1. Ideally, the person estimates from this measure should be centred on location 0 with a SD of 1.
Discrimination or person separation
This indicates how well people are differentiated by the spread of the item difficulty. The person separation index (PSI) is interpreted like a Cronbach's alpha. The larger the index, the better is the discrimination which facilitates the measurement of change. Values of > 0.9 are suitable for measuring within-person change; values > 0.7 are suitable for detecting group differences.
same construct but with different phrasing and response options. There is always a need for parsimony in measurement, as redundancy can be a reason for non-completion and can produce false reliability [23] . The removal of redundant items from the questionnaire can raise concerns for fear of invalidating the interpretation of the total score derived from the original set of items. However, there is a vast literature on the validity of total scores derived from ordinal measures [24] . Typically, summing the numerical labels assigned to each ordinal response option is done to produce a total score. This score does not necessarily have mathematical properties nor does every item contribute equally to the total. Application of Rasch Measurement Theory (RMT) can shed light on how individual items contribute to a theoretically defined construct used to form a measure [25] . The basis of RMT is the Rasch model, named for Georg Rasch the Danish statistician, which is a probabilistic model used to situate a person and an item on a linear continuum from least able (easiest item) to most able (hardest item) [25] . RMT is one of the several measurement theories that have been applied in the context of health care. The best-known theory is Classical Test Theory which assumes that the true score is a function of the total score plus error; the error is assumed to be the same for each person and for each item [26] . Theories that are based on how each item behaves with respect to other items in the theoretical construct and how the items align along an expected linear hierarchy, from easiest to hardest, do not assume that these errors are the same. Therefore, the location and error for each item and each person are estimated. The location of each item along this "ability" continuum is estimated by a logit transformation of participants' responses to each level of each item. An item response category that 50% of participants endorse, the middle item, has a logit of 0. The optimal linear scale for the items is required to have a mean of 0 and a standard deviation of 1, with locations all along the continuum [40] .
Self-use of EBP: It was a term we chose to reflect actual application of EBP concepts, tools, and procedures into specific actions such as identifying knowledge related to a patient situation or the ability to formulate a research question to guide a literature search based on this gap. 9 items on a 5-point scale ranging from "never" to "more than 10 times a month" EBP activities: It can be defined as the implementation of research evidence to the surrounding environment such as in/formally shared and discussed literature/research findings with colleagues at work or patients.
7 items on a 5-point scale ranging from "never" to "daily" EBPAS [41] 50 items; 5-point ordinal scale § Psychometric data: acceptable good internal consistency (Cronbach's α 0.90-0.93), good reliability (ICC 0.83), and convergent validity 0.66 [41] [42] [43] .
Attitudes towards EBP 17 items on a 5-point scale ranging from "strongly disagree" to "strongly agree"
EPIC [44] 11 items; confidence from 0 to 100% Psychometric data: validated for both PTs and OTs. It has almost excellent internal consistency (Cronbach's α 0.89) [44] . The ICC for test-retest reliability was 0.89 for PTs [45] and 0.92 for OTs [46] .
EBP self-efficacy 9 items on a scale from 0 to 10 representing 0-100% EBPQ [40] 24 items; 7-point Likert Scale Psychometric data: acceptable internal consistency (Cronbach's α 0.91) and excellent test-retest reliability (ICC 0.94) [47] .
Knowledge of EBP 11 items on a 5-point scale ranging from "never heard the term" to "understand and could explain to others"
ACT [36] 57 items; 5-point Likert Scale Psychometric data: acceptable internal consistency (Cronbach's α > 0.80) [48] .
EBP resources: It can be defined as the available resources at the workplace that allow clinicians to access and use EBP or encourage the clinicians to use EBP such as receiving recognition from manager/supervisor and workplace/college support the best practice.
17 items on a 5-point scale ranging from "strongly disagree" to "strongly agree"
from − 4 to + 4 logits. This represents the theoretical range of a standard normal distribution with a mean of 0 and a standard deviation of 1. The person's values along this continuum are also optimal when they follow this standard normal distribution. RMT has a number of requirements including measuring only one construct (i.e. unidimensionality). The analytical details of how to apply and interpret Rasch analysis to a set of person responses to items are presented in Table 1 .
Items that do not fit the Rasch model should not be used in the total score until improved. Only few EBP measures [27] [28] [29] [30] [31] [32] have used Rasch analysis for developing the scoring system, and none of these items were designed for rehabilitation EBP. Moreover, none of these studies were designed for Canadian professionals where the items have to be both in English and French.
Study context
In the context of a study on the evolution of individual characteristics (including knowledge, attitudes, confidence), contextual factors (including support for work setting), and actual use of EBP in graduates of the professional M.Sc. programme in PT and OT (grant number 148544) [33] , 5 existing measures were assembled to tap into these important EBP constructs. This resulted in 181 items which clearly would be a barrier to study recruitment and completion. In addition, many of the items were redundant leading to low efficiency [34] or had multiple concepts in one item leading to high content density [35] . An example of item redundancy is the "feedback process" subcategory of the Alberta Context Tool [36] that includes 5 items that can be reflected in one. These items (I routinely receive information on my team's performance on data like the examples provided above, our team routinely discuss this data informally, our team has a scheduled formal process for discussing this data, our team routinely formulates action plans based on the data, our team routinely compares our performance with others) can be captured in one item (our team routinely monitors our performance with respect to the action plans). Another example of multiple concepts in one item exists in the subcategory "sympathy" in the Evidence-Based Practice Profile Questionnaire-2 which is Critical appraisal of the literature and its relevance to the client is not very practical in the real world of my profession. This item fits in both the "sympathy" and "relevance" subcategories. These shortfalls in item development can lead to inconsistency in responses and biased estimates of change. From a measurement perspective, there is value in the items from multiple questionnaires as they could be considered to form a pool of items from which new combinations could be constructed with legitimate total scores. Therefore, the global aim of this study was to apply a robust measurement approach on constructs around EBP including practice, individual characteristics variants (e.g. knowledge, attitudes, confidence, behaviours), and contextual factors (e.g. resources). The specific study objectives were to (i) identify the extent to which items from existing EBP measures reflect constructs suitable for use in a survey of EBP in PTs and OTs and (ii) the extent to which the items reflective of EBP constructs fit the expected unidimensional hierarchy sufficient to create a total score with interval-like properties optimizing the estimation of change or differences across groups.
Methods

Study design
This study was based on three steps: a nominal group process [37] , a modified Delphi approach [38] , and a cross-sectional electronic survey. An item analysis was conducted on all items arising from the five EBP measures chosen for inclusion in the longitudinal study of the evolution of EBP in new graduates of Canadian PT and OT programmes mentioned above. Data from the newest PT/OT cohort to enter clinical practice were analysed to refine the measurement strategy for future phases.
Population
The target population for the cross-sectional survey was all graduates (n = 1703) of the 28 Canadian OT and PT programmes that completed their professional education during the 2016-2017 academic year. To ensure complete ascertainment of graduates, participants were identified from university academic programmes. For the item analysis, the newest entry cohort was queried within 1-month post-graduation. The new graduates were prioritized for recruitment in order to assess EBP-related constructs at entry to practice and then subsequently over time. At the time of analysis, data from new graduates from 12 of the planned 28 university programmes were available.
Measurement
To identify potential measures for the broader study, all relevant EBP measures reported in the literature were identified. Table 2 lists the 5 measures used in this study from which the 181 items were chosen by the research team as targeting the constructs of self-use of EBP and EBP activities, individual factors (attitudes towards EBP, confidence in applying EBP, knowledge), and contextual factors (specifically resources).
Procedures
The procedures for appraising the 181 items and identifying potential constructs for further analyses are shown in Fig. 1 . We used a three-phase process with two groups of experts (potential future respondents (user panel) and methodological (expert panel)) for the item analysis and then translated the results to French. The user panel comprised 12 PTs and OTs all with experience in clinical practice and training in EBP. The participants had a range of experience that covered the scope of practice of PT and OT including recent graduates and experienced clinician-researchers. The expert panel comprised the core research team members (AT, NEM, FAZ, AR).
Phase 1: Nominal group process
A nominal group process [36] , involving both the user and expert panels, was used to screen each item by applying three criteria. Contextual relevance was defined based on whether the item was judged (by 80% or more of the user panel) to be relevant to the EBP and research/clinical scenarios facing PTs and/or OTs. Redundancy was to be avoided, and so, items were excluded if an item had a similar meaning to another item. In case of repetition, the item judged by > 50% of the user panel to have the clearest wording was retained. Re-wording was needed for items created for other health care providers such as doctors or nurses but relevant for EBP in our context. The expert panel suggested alternatives for re-wording the item, and the final decision was made by consensus (see the Additional file 1). This process reduced the initial 181 items to a pool of 81 items.
A modified Delphi process involving all the investigators on the research team (n = 8) was used to refine the items.
First round An invitation e-mail was sent enclosing an explanation of the aim of the work and a description of the previous steps that had led to the generation of the item pool. Once the invitee accepted to participate, the item pool was sent by e-mail with specific instructions. Each investigator was asked to vote by marking on an Excel sheet an X under the category Item Clarity (completely clear or completely unclear) and under the category Informative (highly informative, moderately informative, not informative, not sure). Another category was created for additional comments. In this round, the goal was to clarify any redundancy or comprehension problems regarding each item [49] . Response frequencies for each item were calculated, and the experts' identity was anonymized by a research assistant. Each item required 80% agreement from the panel in order to keep or remove the item as suggested by Lynn [49] . If the item showed < 80% agreement and there were comments for re-wording, then the item was kept to be re-worded and re-administered in the next round. All the responses were assigned to one of the three categories: keep without changes, keep with re-wording, and remove because of redundancy. At the end of this round, the expert panel met and re-worded the items that fell under the category of "re-word". In case of any ambiguous comments, the investigator was contacted to seek clarifications for the comment. After reviewing all items, a final list was prepared for the second round.
Second round An e-mail was sent to the expert panel for a final review and feedback on the changes applied to the items using similar procedures for rating as described in the first round. This process resulted in 70 endorsed items from the pool of 81 items.
Phase 2: Meeting with the core team
Once all comments were in, two meetings with the core research team were held to identify the ideal set of items that would be carried forward in subsequent phases. Four activities were carried out. The first was to confirm the constructs and their labels. Second, items were assigned to constructs or left unassigned. Third, each item was prioritized for inclusion according to its relevance to the construct and whether the item indicated a high or low degree of EBP. The fourth activity was to consider whether the constructs fit best with a formative or reflective conceptual model. Formative models are where the items form the construct rather than reflecting it. For example, a priori, self-use of EBP practices was considered formative as there was a list of recommended practices. The more practices, the higher the EBP use. The most valid method for creating a legitimate total score for formative constructs is to count the number of items at a particular level of expertise. The construct self-efficacy is a good example of a reflective model, as having more self-efficacy or confidence in applying EBP in practice is reflected in people endorsing confidence in certain behaviours chosen to reflect the construct. A necessary but not sufficient criterion for a reflective model is that the items fit the underlying measurement model, here the Rasch model.
Phase 3: Translation
The quality of translation followed the Guidelines for the Process of Cross-Cultural Properties of Self-Report Measures [50] . This guideline helps the translation process into a new language through the following six steps: (1) initial (forward) translation-two professional translators with French-first language as their mother tongue (one was informed about the project, and the other translator was novice to the area) independently translated the final list of items from English to Canadian French; (2) synthesis of the translation-the same two translators synthesized the results of the two translations by preparing a consensus translation in the Canadian French language with the help of a research assistant; (3) back translation-two professional translators with Englishfirst language as their mother tongue that are naive to measurement made back-translations; (4) use of an expert committee-in this step, a methodologist, PT, and OT professionals and a language professional met to come up with a clean version of the translation by solving any discrepancies through discussions until all the final items were judged to be linguistically equivalent; (5) testing the pre-final version-the clean version of the Canadian French set of items was completed by five clinicians and graduate students who were recent graduates (less than 5 years of clinical experience). This group identified some items to be hard to answer for recent graduates who have not worked in clinical practice. That led to suggest adding "My work does not involve clinical care" as a response option to all questions except those in knowledge or confidence domain; and (6) appraisal of the adaptation process-after adding "My work does not involve clinical care" as a response option, the final set of items was approved by the core team to be administered online.
Rasch analysis
Rasch measurement analysis was carried out to test the fit of the items related to EBP to the Rasch model. Rasch model was considered fit by item/person if the observed item/person perform consistently like the expected item/person performance. This can be quantified using chi-square (χ 2 ) probability value if the value is > 0.05 with a Bonferroni adjustment and item/person fit residuals (sum of person and item deviations) that were close to 0 with a standard deviation of 1. Item residual correlation matrix was examined for possible local item independence, and unidimensionality was explored using principal component analysis of the residuals. Individual item fit was evaluated using the χ 2 probability value and the fit residual values. If χ 2 probability value of < 0.05 (Bonferroni adjustment) and fit residual values ≥ 2.5, then the individual item was considered misfit [51, 52] . The person separation index (PSI) was used to assess the internal consistency reliability of the scale which is equivalent to Cronbach's α [47] ; however, it only uses the logit values instead of the raw scores [52] , where a value of ≥ 0.7 was considered acceptable representing the minimum required to divide the participants into two distinct groups (low/high ability) [53, 54] . Differential item functioning (DIF) was assessed to identify items that work differently for some groups who have the same level of ability in the sample. DIF was tested by profession, gender, language, and the type of clinical setting. The items which did not fit theoretically or mathematically the Rasch model were removed. Items that showed DIF were either deleted or split. This step was repeated multiple times until all items fit the model and the measure was formed. All Rasch measurement analyses were performed using the Rasch Unidimensional Measurement Model Software (RUMM) version 2030 [55] . All descriptive analyses were performed using the SAS statistical software (version 9.4) [56] . Data were reported as means ± standard deviation (SD) or as frequencies (percentages). 
Ethics
The research project from which the data were taken had ethical approval from all relevant university ethics committees to carry out the study.
Results
The characteristics of the participants are shown in Table 3 . Figure 1 shows the process and results of the item analysis. The nominal group process resulted in a streamlined group of 81 items, from the original pool of 181 items: 55 which could be used without modification ("keep" list) and 38 that would need some re-wording. For the modified Delphi approach, all 8 investigators participated in all rounds. For the first round, experts provided their ratings for all the items. For the additional comments, redundant ones having similar suggestion were grouped and reduced to produce 57 comments which included suggestions to rephrase the item or make it clearer. There was an agreement among the experts to keep without changes (51), keep with re-wording (29) , and remove because of redundancy (11) . For both the item clarity and informative agreement, initially, 41 items were rated to be completely clear and highly informative (> 80% agreement) while 29 items were rated to be completely unclear or moderately/not informative (< 80% agreement). The items that were rated to be completely clear were not necessarily rated as highly informative and the opposite way. For the second round, items were either kept as they were, removed, or re-worded in light of the experts' comments. In total, 70 items were examined by the expert panel where no more major changes were required.
In total, 2 items were found to not be related to any domain resulting in a total of 68 items distributed on 6 EBP domains that were covered by the items. Two sets were considered to fit a formative model: self-use of EBP (9 items) and EBP activities (7 items). For these measures, the best total score is derived by counting the number of uses or activities carried out per day over the specified time frame.
Self-use of EBP
For this construct, more frequent use of EBP does not necessarily translate to better EBP if every contact with a patient initiates an EBP activity. For example, identifying a gap in knowledge more than 10 times a month would seem problematic rather than desirable. For this measure, counting the number of practices used in the past 6 months would eliminate giving problematic behaviours more weight. A total score from 0 to 9 would now be the indicator for self-use of EBP (see Table 4 ). 
EBP activities
For EBP activities, more frequent use does indicate more EBP, and hence, a total number of activity days would be a reasonable metric. This requires assigning a frequency for each of the categories of never, monthly or less, bi-weekly, weekly, and daily over the past working month and giving the estimates of 0, 1, 2, 4, and 20 for these categories respectively. The total score is the cross-product of item days yielding activity days on a continuous scale (see Table 5 ).
Conceptual model
Four sets of items were considered to potentially fit a reflective conceptual model: attitudes towards EBP (n = 17 items), self-efficacy (n = 9 items), knowledge (n = 11 items), and resources (n = 15 items). Items that were compatible with a reflective model were tested to estimate the extent to which they fit the Rasch model, a necessary condition for a reflective model. Tables 4, 5, 6 , and 7 and Figs. 2, 3, 4, and 5 present the results of the Rasch analysis for the constructs originally considered to be reflective.
Attitudes towards EBP items
The attitudes towards EBP items are shown in Table 6 . Seventeen items were tested, all measured on a 5-point Likert Scale for the degree to which the respondent agrees or disagrees with the statement with an additional response options for "My work does not involve clinical care" in the event that the respondent does not provide hands-on direct care to patients but is involved in another aspects or rehabilitation practice (e.g. case management, clinical research). This latter option was merged with the "neutral" option. Nine items had disordered thresholds and needed rescoring. For 7 items, the categories "strongly disagree" and "disagree" were collapsed (items 1, 2, 3, 5, 7, 10, 11); for 3 items, the final rescoring resulted in only 2 (binary) categories (items 10, 14, 15). All 17 items fit the Rasch model after rescoring. Five items showed dependency with at least 1 other item, and the best-worded item was kept resulting in the deletion of items 3, 7, 9, 12, and 14. Three items showed DIF: item 2 showed DIF by profession, and the item was split to allow 2 different scoring; item 5 showed DIF by language, and as it was very close in content to item 3, it was deleted; and item 11 (I stick to tried and trusted methods in my practice rather than changing to anything new) showed DIF by language and profession. On close inspection, the English wording was idiomatic, and the French translation did not reflect the right meaning of the idiom. Item 13 is close in content, and so, item 11 was deleted. The final set of 10 items best reflecting the attitudes the EBP all fit the Rasch model and formed a measure (χ 2 = 25.14, df = 22, p = 0.29). Figure 2 shows the threshold map (part a) and the targeting map (part b). The threshold map lists the items according to their average location on the latent trait (x-axis). The thresholds, transitions from 1 category of response to the next, are illustrated in different colours. There is a gradient across the items in the threshold location such that the easiest item, item 17 (see Table 6 ), is situated at the lowest end of the latent trait (− 7.51). The hardest item (item 2, split by profession) has the most difficult threshold at + 5.04. Figure 2b shows the location of the people and the items along the latent trait (x-axis) with the people above the line in pink and the items threshold below the line in blue. The items are poorly targeted to the sample primarily because the sample scored above 0, the expected mean location (mean 1.38; SD 0.83), whereas the range of items is from ≈ − 8.0 to + 5.0. 
Self-efficacy towards EBP
The self-efficacy towards EBP items are shown in Table 7 and Fig. 3 . Nine items were tested; all measured on an 11-point scale from 0% (no confidence) to 100% (completely confident). All the items had disordered thresholds and needed rescoring. For eight items, the categories "90%" and "100%" were collapsed (items 1, 2, 4, 5, 6, 7, 8, 9); for one item, the final rescoring resulted in only two (binary) categories (item 3). For all items, the first four categories (0%, 10%, 20%, 30%) were merged; for all but item 3, the middle categories (40%, 50%, 60%) were collapsed. All nine items fit the Rasch model after rescoring. Item 8 showed dependency with two other items (items 7 and 9), and the best-worded items were kept resulting in the deletion of item 8. None of the items showed DIF. The final set of eight items best reflecting the self-efficacy towards EBP all fit the Rasch model and formed a measure (χ 2 = 10.89, df = 16, DIF differential item functioning, E English, F French translation p = 0.82). Figure 2a shows the gradient across item-thresholds, and Fig. 2b shows that the sample is reasonably well targeted by the items as the mean location of the sample is 0.52 (expectation 0) with SD of 1.46 (expectation 1.0).
Knowledge
The knowledge items are shown in Table 8 . Eleven items were tested, all measured on a 5-point ordinal scale of declarative statements related to scientific terminology needed for EBP. Four items had disordered thresholds and needed rescoring. The categories "never heard the term" and "have heard it but don't understand" were collapsed for items 1, 7, 9, and 10. All 11 items fit the Rasch model after rescoring. Two items showed dependency with at least 1 other item, and the best-worded item was kept resulting in the deletion of items 2 and 11. Three items showed DIF: items 4 and 9 by profession and item 7 by language. In order to include all possible knowledge items, these items were split; however, the DIF by language for item 7 was likely due to poor translation (English: number-needed-to-treat (NNT); French: nombre de sujet à traiter). The final set of 9 items best reflecting the knowledge all fit the Rasch model and formed a measure (χ 2 = 25.13, df = 18, p = 0.12). The threshold map in Fig. 5a shows a hierarchy across knowledge items with the easiest item familiarity with reliability and the hardest item treatment effect size. Figure 5b shows that the people are not well targeted by the items (mean location 2.25, SD 1.45; expectation mean 0, SD 1).
Resources
The resources items are shown in Table 9 . Fifteen items were tested, all measured on a 5-point Likert Scale for the degree to which the respondent agrees or disagrees with the statement with additional response options for "My work does not involve clinical care" as per the attitudes items. This latter option was merged with the "neutral" option. All 15 items had disordered thresholds and needed rescoring. The categories "strongly disagree" a b Fig. 2 a Threshold map and b targeting map of "attitudes" construct and "disagree" were collapsed for all items. After rescoring, all but 1 item (item 12) fit the Rasch model and it was deleted. Only 1 item showed dependency on another item, and the best-worded item was kept resulting in the deletion of item 14. None of the items showed DIF. The final set of 13 items best reflecting the resources all fit the Rasch model, but the global fit was poor (χ 2 = 56.92, df = 26, p = 0.00). Figure 3a shows the hierarchy across the items and Fig. 3b shows that the people are reasonably well targeted by the items, but there are many items at the low end of the resource continuum and no people.
Discussion
This study illustrated the psychometric steps needed to test the extent to which a set of items from existing measures of EBP form measures designed for PTs and OTs. The original 181 items obtained from 5 measures represented the core constructs of EBP. Theoretical and methodological processes were then applied for item reduction which resulted in 68 unique candidate items. Two constructs fit a formative conceptual model: self-use of EBP (9 items) and EBP activities (7 items). Four constructs fit a reflective conceptual model: attitudes towards EBP (n = 17 items), self-efficacy (n = 9 items), knowledge (n = 11 items), and resources (n = 15 items).
Rasch analysis showed that items reflecting four core constructs around EBP formed measures: attitudes towards EBP (n = 10 items), self-efficacy (n = 8 items), knowledge (n = 9 items), and resources (n = 13 items) (see Table 10 ). We discuss each one next.
Attitudes towards EBP
The items fit the Rasch model but were poorly targeted to our participants primarily because the mean fit for the participants (> 0) suggested that their overall scores on attitudes towards the EBP construct were greater than what would be expected in the general population. This was not surprising as our participants are recent graduates of rehabilitation programmes with a strong focus on EBP. This finding is congruent with previous studies showing recent graduates are more likely to report positive attitudes towards EBP than more seasoned clinicians and those with bachelor's level training in OT and PT [57] [58] [59] . Scale reliability for this construct was unacceptable using person separation index (PSI) = 0.63, indicating that the items inadequately divided our participants along a continuum. RMT was applied to testing attitudes towards EBP in a previous study [27] , and the results showed that 10 items fit the Rasch model with a b Fig. 3 a Threshold map and b targeting map of "self-efficacy towards EBP" construct good reliability (0.83); however, the authors did not test DIF as the sample size was small (n = 110).
Three attitudes items showed DIF: item 2 showed DIF by profession; PTs are more likely than OTs to change their practice because of the evidence they find. Previous research on the use of and attitudes towards EBP showed that OTs score significantly lower than other health care providers which might indicate that this professional group faces different challenges related to EBP compared to other health care providers [60, 61] . Another explanation might be that OT, as a profession, is considered heavily client-centred and as such may value patient preferences as a contributor to EBP more so than the level of evidence [62, 63] .
Items 5 and 11 showed DIF by language. Upon review, the English wording was idiomatic and the French translation did not reflect the correct meaning of the idiom. This might be attributed to the lack of proficiency in the English language [64] . The occurrence of DIF in this construct was considered infrequent (2/17 items) and comparable with other findings [65] [66] [67] . Future measure development should use simultaneous translation as it has advantages over forward translation particularly in that idiomatic wording; linguistic discrepancies between languages can be minimized or resolved during the item generation process [64, 68] .
Self-efficacy
The final eight items fit the Rasch model and were reasonably well targeted to participants; however, the mean value for the participants was > 0 suggesting that the participants had a higher level of self-efficacy towards EBP than expected from the items. Self-efficacy has good internal reliability (PSI = 0.80), indicating that the items adequately separated the sample along the self-efficacy continuum. The internal consistency reliability value we found is similar to the original source of our items which is the evidence-based a b Fig. 4 a Threshold map and b targeting map of "resources" construct practice confidence (EPIC) scale [45] . RMT has been applied to testing self-efficacy towards EBP showing similar findings among different targeted populations with larger sample sizes [31, 32] .
Knowledge
Nine items fit the Rasch model, but the sample was not well targeted by the items with mean fit for the participants (> 0); this suggests that the overall level of knowledge about EBP of our participants was greater than what would be expected from the items. The knowledge construct has a good internal reliability (PSI = 0.81), indicating that the items adequately separated our participants along the measurement continuum. RMT has been used by others [27, 28, 30] to validate knowledge of EBP, and this research has yielded very similar findings to ours.
Three items showed DIF: items 4 which showed that OTs' familiarity with the statistical term "meta-analysis" is greater than that of PTs'. Item 9 showed that PTs are more aware of the statistical term "minimally important change (MIC)" than OTs. This might be explained by OTs' use of a combination of different assessment and treatment approaches and their focus on client-centred strategies. Standardized tools are used when relevant and available [69] [70] [71] . PTs might know more the measurement-related statistical terms like "minimally important change (MIC)" as they mainly use the standardized tool over qualitative approaches. Also, the professional education and exposure to concepts associated with EBP may vary across programmes and between the two professions. Item 7 showed that francophones are more familiar with the term "number-needed-to-treat (NNT)" than anglophones. However, the DIF here was more likely due to the poor translation rather than real differences because "nombre de sujet à traiter" is associated with "caseload" in French than with a statistical term. Harris-Haywood et al. [30] 
Resources
The 13 items reflecting resources available for EBP fit the Rasch model and reasonably well for the targeted participants. The mean value was > 0, but there are many items at the low end of the resource continuum with no participants. This suggested that the resources available for our participants were greater than what would be expected from the items included.
This might suggest a selection bias towards people who are good in EBP [72] . Although all items fit, there was still evidence of global misfit, indicating that a review of the items in this measure is warranted. This construct has a good internal reliability (PSI = 0.86), indicating that the items adequately separated participants along the measurement continuum. Bobiak et al. [29] showed almost similar findings in terms of the threshold range of the items and PSI values. This project would not have been possible without the wealth of items and measures already developed, tested, and used in the study of EBP. However, in order to implement these measures in a practical way, through a survey of EBP of busy practitioners, we had to ensure a minimum number of non-redundant items. Otherwise, the response rate would be nil. This process, which was started for practical reasons, took the field of implementation science a step forward by optimizing the measurement of these important constructs so that it is easier to detect differences between groups and change over time.
Implementation of research in practice is considered to be a multidimensional process that involves clients, practitioners, and organizations [73] . Therefore, the development of measures that can reflect these dimensions is important because it provides tools that help the ultimate goal of implementation for behaviour change (i.e. the use of EBP). Furthermore, these measures will ease the study of behaviour change mechanisms like those presumed in the Theoretical Domains Framework [74] or Theory of Planned Behaviour [75] . For instance, these mechanisms may include factors such as attitudes towards EBP or knowledge of EBP that in turn impact the intention to use EBP in daily practice. As a result, if we can provide measures of attitudes towards EBP or knowledge of EBP, this then will predict EBP behaviours (i.e. actual use of EBP) [73] . The final set of items provided in this work for each construct fairly covers the full range of the latent variable from "easier" to "difficult" items which will allow researchers to capture different abilities of clinicians regarding aspects of EBP. That by itself will support researchers in the design and implementation of robust knowledge translation interventions in a gradual manner aimed at targeting different levels of clinician abilities instead of designing one-size-fits-all interventions.
Strengths
Our study has several strengths. The analyses provide a single legitimate total score for four constructs around EBP on a continuum from very low to very high. These measures can be used to identify determinants of good EBP, to guide the development of implementation interventions, and to evaluate sustainability. The validation of such indices around EBP addresses the lack of standardized tools for EBP educational evaluation [19, [76] [77] [78] . This study tackled a specific gap in EBP measures for groups like PTs and OTs in two languages, English and French. The analyses provided a mathematically sound way of reducing the multitude of items to only those that behave in the manner that sufficiently assesses the constructs around EBP while maintaining strong theoretical and methodological processes. We used data from an inception cohort which will allow us to follow participants during the next 3 years to gauge the changes over time. We recruited participants from several Canadian universities in English and French languages which allow for generalizing the findings. The use of simultaneous translation helped to resolve idiomatic wording and linguistic discrepancies between languages compared to sequential translation where items are first generated in only one language followed by subsequent translation into another language [64, 68] . Future work is required to validate these constructs over time, and there is a need to address the gaps in the lower and upper ends of the scales. Further, the correlation between different EBP constructs will allow for greater understanding of the EBP constructs. This will be described in a subsequent descriptive analysis of this large data set and though the ongoing longitudinal study of these graduates into practice. 
Limitations
Our study has some limitations. First, the data were from a cross-sectional study, and unnecessarily, the data reflect all time points, a weakness reported in previous work [27] [28] [29] [30] [31] [32] . Therefore, it is essential to revalidate these constructs with subsequent waves of data to explore stability, intensity, and direction of EBP constructs. Second, the participants were new graduates, and 43% reported that they were not working in clinical practice which limits the use of EBP. Third, the sample size was generally small and diversified across the EBP constructs due to missing data. Fourth, the number of administered items was much less than other questionnaires targeting several constructs; however, it requires about 15 min, which might influence the return rates especially for future time points. Fifth, it was noticed that the level of EBP knowledge for our participants was high which causes a ceiling effect that may explain the high mean person location (> 0) for all EBP constructs. Sixth, despite the fact that the items capture a wide range of difficulty, gaps appear in some locations, making the estimation of the ability of persons located near or within those gaps less precise. Lastly, the knowledge items may not be the true reflection of the participants' EBP knowledge level since this construct elicits knowledge about statistical and methodological terms, one aspect of EBP. Some items were missed in our knowledge item sets such as knowing how to search literature and different literature appraisal issues.
Conclusion
This study provides evidence supporting the construct and content validity and internal consistency reliability of four measure to assess key constructs around EBP. Our use of a strong theoretical and methodological processes was helpful in reducing the number of items for further analysis, and the use of Rasch analysis was critical and helpful in choosing the best fitting items for each construct. However, a number of gaps in the measures were uncovered indicating a further refinement of the content and wording is needed. 
